Abstract. The seroprevalence of Orientia tsutsugamushi, Rickettsia typhi, and TT118 spotted fever group (SFG) rickettsiae in 300 rubber estate workers in Slim River, Malaysia was determined in December 1996 and March 1997. In December, which was the wet season, 23.3%, 3.0%, and 57.3% of the population had antibodies detected against the three rickettsiae, respectively. The highest seropositive rate of 40% was detected for single infection with SFG rickettsiae, followed by a rate of 15.3% for both O. tsutsugamushi and SFG rickettsiae among the rubber estate workers. Subjects less than 21 years old had a lower seroprevalence of SFG rickettsiae compared with the other age groups. Indians had a higher seroprevalence of O. tsutsugamushi compared with other ethnic groups. Rubber tappers had a higher seroprevalence of SFG rickettsiae compared with other occupational groups. During the dry season in March 1997, there was a significant increase in the seroprevalence of R. typhi. The seroconversion rates for IgM against O. tsutsugamushi, R. typhi, and SFG rickettsiae were 5.7%, 12.3%, and 15.1%, respectively, during the fourmonth period. Significant variations of antibody titers towards the three rickettsiae was noted among subjects who were bled twice. This suggests a significant and continual exposure of rubber estate workers to the three rickettsiae.
Rickettsial infections are major causes of febrile illnesses throughout the Asia-Pacific region. 1 The gram-negative, obligate intracellular bacteria that cause these infections are transmitted by arthropods and infect vertebrates. Rickettsiae can be grouped into three antigenically defined groups: scrub typhus, typhus, and spotted fever. Scrub typhus infection, which is caused by Orientia tsutsugamushi (previously known as Rickettsia tsutsugamushi), 2 is endemic in the western Pacific region and has been reported as the most frequent infection (19.3%) among febrile hospitalized patients in rural areas of Malaysia. 3 Murine typhus is caused by infection with a typhus group rickettsiae, Rickettsia typhi, and was once considered a sporadic and uncommon cause of illness in Malaysia. 4, 5 However, in 1977, a high prevalence of this infection in the human and rodent population was reported. 6 The seroprevalence of spotted fever group (SFG) rickettsiae TT118 among febrile patients was 0.3% in Mentakab Hospital 3 and 16% in a study conducted in Sabah. 5 There is no information on the etiologic agent of tick typhus in Malaysia.
In a serologic survey conducted in 1994-1995, it was shown that sera from a large proportion of febrile outpatients at a health center in Slim River, a small town located on the middle-northern west coast of Peninsular Malaysia, were reactive to antigens of O. tsutsugamushi, R. typhi, and SFG rickettsiae. 7 The majority of these patients were agricultural workers: mostly rubber tappers, oil palm plantation workers, and farmers. The objectives of the present study were to assess in more detail the seroprevalence of O. tsutsugamushi, R. typhi, and SFG rickettsiae among the different ethnic groups who worked in the rubber estates in Slim River, Perak, Malaysia and to correlate the serologic findings with epidemiologic data.
MATERIALS AND METHODS

Study populations.
A total of 300 workers, constituting approximately 50% of the rubber estate workers from three estates in Slim River, Malaysia (4Њ01ЈN, 101Њ21ЈE) were included in the present study. The workers were interviewed and basic demographic data such as name, age, and sex were collected. The subjects were also questioned about their history of contact with dogs, cats, and other livestock for examination of any association with animals that might be tick infested. Of the 300 workers, 51.3% (154) were females and 48.7% (146) were males. The mean Ϯ SD age was 38.03 Ϯ 11.72 years (range ϭ 11-67 years). The majority of the workers were Indians (61.3%) and Malays (32.3%); 65.0% (195) of the workers were rubber tappers, 5.0% (15) supervisors, 17.7% (53) gardeners, and 12.3% (37) office workers and students who were also working on the rubber estates. Informed consent was obtained from all rubber estate workers who participated in the study. The study was reviewed and approved by the Medical Research Ethics Subcommittee of the Ministry of Health of Malaysia.
Blood was sampled once in December 1996 and approximately four months later in March 1997. The weather was rather humid in December 1996 (average temperature ϭ 25.0ЊC, rainfall ϭ 13.1 mm, relative humidity ϭ 84.9%) but dry and hot in March 1997 (average temperature ϭ 25.9ЊC, rainfall ϭ 11.9 mm, relative humidity ϭ 79.8%). All subjects were afebrile at the time of blood sampling. Intravenous blood samples (1 ml) were collected from each subject. The blood was allowed to clot at room temperature, centrifuged at 3,000 rpm for 10 min, and the serum was collected and stored at Ϫ20ЊC prior to testing.
Indirect immunoperoxidase (IIP) test. An IIP test as described by Kelly and others 8 was used for the determination of IgG and IgM antibody levels against three prototype strains of O. tsutsugamushi (mixture of serotypes Karp, Kato, and Gilliam), R. typhi (Wilmington strain), and TT118, an unclassified SFG rickettsiae. Acetone-fixed antigen slides were dotted with rickettsiae grown in embryonated chicken egg; uninfected yolk sac proteins were used as a negative control. Sera were serially diluted from 1:50 to 1:1,600. Horseradish peroxidase-conjugated rabbit anti-human IgG and IgM (Dakopatts, Roskilde, Denmark) were used as secondary antibody. The reciprocal of the highest serum dilution with a positive reaction was expressed as the IIP test antibody titer. A titer Ն 1:50 was considered positive. Statistical analysis. Frequencies of qualitative data were compared using chi-square analysis. The paired t-test was used to compare antibody titers within each subgroup for subjects who were bled twice, with each person serving as their own control. A difference was considered significant when P was Ͻ 0.05.
RESULTS
In the December survey, 66.0% (198) of the subjects were seropositive (IgM and/or IgG) to either one or more than one rickettsiae (Table 1 ). Antibodies to SFG rickettsiae antibodies were most common among the workers (40.0%), followed by antibodies to both O. tsutsugamushi and SFG rickettsiae (15.3%). The values for antibodies to O. tsutsugamushi and R. typhi alone were 7.7% and 1.0 %, respectively. There was no subject with antibodies to both O. tsutsugamushi and R. typhi. Antibodies to all three types of rickettsiae were detected in one subject. The overall seroprevalences of O. tsutsugamushi, R. typhi, and SFG rickettsiae were 23.3%, 3.0%, and 57.3%, respectively.
The positive sera against O. tsutsugamushi had titers ranging between 1:50 and 1:12,800 with a reciprocal geometric mean titer of 187.5 for IgG and 136.2 for IgM ( Table 2) The mean Ϯ SD prevalence among workers from three rubber estates was 57.5 Ϯ 22.7% (range ϭ 32.3-76.2%) for SFG rickettsiae compared with 24.0 Ϯ 12.1% (range ϭ 14.2-37.5%) for O. tsutsugamushi and 2.5 Ϯ 4.3% (range ϭ 0-7.5%) for R. typhi (Table 3) .
Seroprevalence to SFG rickettsiae was the highest in all age groups, followed by O. tsutsugamushi and R. typhi (Table 3). Subjects less than 21 years old had a lower seroprevalence of SFG rickettsiae compared with the other age groups (P ϭ 0.002). Although more females had antibodies detected against all the three rickettsiae, there was no significant difference or association between seroprevalence and gender (P Ͼ 0.05) ( Table 3) . Table 3 also indicates that more than 50% of all ethnic groups were infected with SFG rickettsiae. The seroprevalence of O. tsutsugamushi in Indians was higher than in other ethnic groups (P ϭ 0.010). Among the different occupations of the workers in Slim River, rubber tappers had the highest seroprevalence of SFG rickettsiae (P Ͻ 0.05) compared with other occupation groups ( Table 3) .
Only 58 (19.3%) subjects could recall being bitten by ticks and five (2.7%) recalled being bitten by chiggers (Table  3) . There was significant association of subjects who recalled having had tick bites with seroprevalence to SFG rickettsiae (P ϭ 0.010). No significant association was found between the seroprevalence of the three rickettsiae with chigger bites and contact with animals.
During the second blood sampling in March 1997, 184 subjects were examined, of which 106 were bled previously. The seroprevalences of O. tsutsugamushi, R. typhi, and SFG rickettsiae at this time were 16.8%, 14.1%, and 52.1%, respectively. Compared with the seroprevalences in December, there was a significant increase in the antibody prevalence against R. typhi (P Ͻ 0.05). Table 4 summarizes the seroprevalence and seroconversion of rickettsial infections among those rubber estate workers who were bled twice. Based on the increase in the IgM antibody titer from Ͻ 1:50 to Ն1:50, the seroconversion rates for O. tsutsugamushi, R. typhi, and SFG rickettsiae during the four-month period were 5.7%, 12.3%, and 15.1%, respectively. In addition, there were significant variations in the antibody titers for O. tsutsugamushi (IgM), R. typhi (IgG and IgM), and SFG rickettsiae (IgM) ( Table 4) . DISCUSSION In a previous study, 7 seroprevalences of approximately 20-25% were reported for O. tsutsugamushi, R. typhi, and SFG rickettsiae among febrile cases attending Malaysian health centers and approximately 60% of these positive cases had antibodies to more than one rickettsiae. In our study, 66% of the rubber estate workers were seropositive for at least one rickettsiae and 17.3% had antibodies to more than one rickettsiae. These findings suggest that rickettsial infections are endemic in Malaysia.
The presence of antibodies to more than one rickettsia suggest the possibility of past exposure, coinfection, or cross-reactivity to rickettsial antigens. However, it is impossible to differentiate one from the other without isolation of the rickettsiae from the subject. A broad antigenic relationship was reported between rickettsiae of the typhus and spotted fever groups, 9 but not between O. tsutsugamushi and other rickettsiae. The SFG rickettsiae might be encountered in the same geographic environment as O. tsutsugamushi if their natural hosts are sharing similar transmission foci. Therefore, the 15.3% seroprevalence of both O. tsutsugamushi and SFG rickettsiae among rubber estate workers in this study is more likely the result of past infection or coinfection with these two rickettsiae.
The presence of IgM antibody among rubber estate workers is an indication of a recent infection. However, these workers were asymptomatic at the time of blood sampling. The phenomenon of reinfection, which does not lead to detectable disease in endemic areas, has been reported for scrub typhus. 4, 10 Generalized lymphadenopathy and lymphocytosis were more common than either eschar or rash among febrile American serviceman in Vietnam. 11 In the Pescadores Islands of Taiwan, the rather mild clinical manifestations of scrub typhus among the population were attributed to O. tsutsugamushi strains that were highly immunogenic and of low virulence for humans. 12 Most of the earlier reports of human infection with O. tsutsugamushi described transmission in agricultural or undeveloped areas. The seroprevalence of O. tsutsugamushi has varied widely from as low as 0.8% in East Malaysia 5 to as high as 73% in Peninsular Malaysia. 13 Robinson and others 14 reported prevalence rates of 6-69% in groups of rural Malaysians. Earlier studies in Peninsular Malaysia had indicated a yearly reversion rate of 61% from seropositivity to O. tsutsugamushi to seronegativity. 15 Our findings of a 23.3% point prevalence for O. tsutsugamushi indicates an annual attack rate of 18.5%, as measured by the method of Muench. 16 The reversion rates for the other rickettsial infections are not known; however, a 57.3% point prevalence of SFG rickettsiae seems indicative of an even higher attack rate for this disease. Audy 17 stated that scrub typhus is an occupational disease and that differences in prevalence by age, sex, and occupation can be explained by behavior or occupation. In this study, there were variations in the distribution of subjects with previous exposure of typhus infections in terms of localities, ages, ethnic group, and types of occupation.
In this study, the seroprevalence of R. typhi was lower than that of O. tsutsugamushi and SFG rickettsiae. Murine typhus is common in southern Thailand, where R. typhi caused 7% of the febrile illnesses in a study of patients in Songkhla 18 and 8% of the febrile illness in the human population of suburban Bangkok. 19 There was a significant prevalence of antibodies to R. typhi in Tainan, Taiwan (23.9%) and in northern Thailand (2.5%), which suggest that this infection may be latently distributed in various parts of Asia. 20 In Malaysia, it has been reported to be as low as 0.5% among oil palm plantation workers who were admitted to Mentakab Hospital 3 to as high as 45% in healthy humans in a small town. 4 Forty-five percent of the humans and 35% of the rodents had indirect immunofluorescent antibody assay titers Ն 1:50 in a small village in West Malaysia. 6 In this study, the lower prevalence of antibodies to R. typhi was expected among rubber estate workers since endemic typhus is more often associated with occupations in which grain is handled, e.g., in a market or warehouse. However, a significant increase in infection with R. typhi was noted during the dry season in this study.
Infection due to SFG rickettsiae in Malaya was first detected in a patient suspected of having scrub typhus. Marchette 21 reported that SFG rickettsiae were most prevalent in two ecosystem complexes: the climatic climax forests remote from human interference and urban situations in which humans are the dominant environmental factor. Jungle rats, which carry ectoparasitic Dermacentor, Ixodes, and Haemaphysalis ticks, are reservoirs of SFG rickettsiae in the rural areas. On the other hand, the urban cycle of Malayan tick typhus may resemble boutonneuse fever and Indian tick typhus in which the dog tick, Rhipicephalus sanguineus, is an important vector. 21 In this study, there was no significant association of seroprevalence of SFG rickettsiae with contacts with dogs or cats. However, a recollection of tick bites by 58 subjects has been associated with higher seroprevalence to SFG rickettsiae. Ticks represent both the vector and reservoir of SFG rickettsiae. The species of tick involved in transmission will determine the epidemiologic aspects of the disease. In this study, 128 (74.4%) of the seropositive subjects reported no known tick bites and all subjects seropositive for O. tsutsugamushi did not report any chigger bites. Therefore, the recollection of tick or chigger bites may not be a reliable indicator for rickettsial infection. This has been shown in two previous studies in which persons without a recognized history of tick exposure regularly comprised 10-20% of the spotted fever cases. 22, 23 Further work on the natural host(s), vectors, and isolation of rickettsiae may provide more insights into SFG rickettsiae in Malaysia.
Marchette 21 reported an extremely low virulence of the Malayan SFG rickettsiae in animals. The low virulence of these organisms may result in asymptomatic infections in humans. The first cases of SFG rickettsioses in Thailand presented with fever, headache, lymphadenopathy, and petechial maculopapular rash. Rickettsial serology of these patients confirmed that they had been infected with an SFG rickettsia, with broad, strong reactions of the sera with SFG rickettsia antigens of many species detected by the IIP test and an ELISA. 24 However, the investigators did not specify which rickettsial species was involved. 25 In Japan and Australia, less severe SFG rickettsiae appear to exist undetected for long periods (e.g., R. japonica and R. honei). 25, 26 An unclassified tick-derived rickettsiae (TT118) of the spotted fever group 27 was used as antigen for the IIP test in our study. However, it may not be the most appropriate antigen for serodiagnosis if antigenic variation exists in the local isolates of spotted fever group rickettsiae. Attempts should be made to isolate local strains.
The seroconversion rates of both IgM and IgG for O. tsutsugamushi, R, typhi, and SFG rickettsiae among the rubber estate workers during the four-month period indicated active transmission of rickettsiae in a rubber estate. Significant variations in the antibody titers to the three rickettsiae were also demonstrated among the rubber estate workers in this study. Thus, there was significant and continuous exposure of rubber estate workers to rickettsiae.
Many reports have indicated that large numbers of rickettsial infections in Malaysia were either not being correctly diagnosed or were asymptomatic. 3, 4, 7, 13, 14 The nonspecific pattern of illnesses, the difficulty in seeing a rash on darkskinned patients, and the wide use of tetracycline for empiric treatment for most febrile illness interfere with recognition of these rickettsial infections. The morbidities and mortalities due to rickettsial infections in Malaysia are believed to be acutely underestimated. Data from this and another study 7 indicate that rickettsioses in Malaysia merit further investigation especially with regard to their effects on the rural population and agricultural sector workers.
